Abstract-Analysis of the average binary error probabilities (ABEP) and average capacity (AC) of wireless communications systems over generalized fading channels have been considered separately in past years. This paper introduces a novel moment generating function (MGF)-based unified expression for the ABEP and AC of single and multiple link communications with maximal ratio combining. In addition, this paper proposes the hyper-Fox's H fading model as a unified fading distribution of a majority of the well-known generalized fading environments. As such, the authors offer a generic unified performance expression that can be easily calculated, and that is applicable to a wide variety of fading scenarios. The mathematical formulism is illustrated with some selected numerical examples that validate the correctness of the authors' newly derived results.
I. INTRODUCTION

M
ODERN digital communications theory has brought many important changes to the radio engineering, one of which is the need for end-to-end performance metrics. As explicitly well-established and acknowledged in the literature, the bit error probabilities (BEP) and average capacity are indeed two important but distinctively different metrics to quantify the performance of different communication systems in a specified fading environment. In particular, the BEP performance depends on the employed detection scheme, signalto-noise ratio (SNR), and diversity order while the AC performance theoretically describes the maximum information rate with a negligible transmission error probability [1] . Within the context of this difference, these two performance metrics have been considered as two independent performance problems over the past four decades. As such, considerable efforts have been devoted so far to develop analytical tools / frameworks to analyze these two performance metrics individually and independently [2, and references therein].
In the traditional analysis, the task of averaging the conditional performance metric (i.e., conditional BEP or conditional capacity) over the overall instantaneous SNR γ end is often a complicated and tedious process. In particular under the well-intentioned assumption, which is not always the case, that there exists a closed-form probability density function (PDF) for the overall instantaneous SNR γ end , both the average BEP (ABEP) and the average capacity (AC) can be obtained in closed-form [3] . This is known as the PDF-based performance analysis. It is however worthy mentioning that the PDF p γ end (γ) of the overall instantaneous SNR γ end is in general not available in a simple and closed form, and the PDF-based performance analysis becomes mathematically intractable. To circumvent that, a unified moment generating function (MGF)-based approach was developed in [2] , [4] , [5] -on the basis of finding a desirable exponential form for the conditional BEP by means of the Craig's representation [6] of the complementary error function -to analyze the average BEP (ABEP) performance of a broad class of binary modulation formats in different fading environments [2, and references therein]. More specifically, with the aid of the MGF-based analysis, the L-fold integral involved in the ABEP analysis of the L-branch diversity combiner reduces into a single-fold integral [2] that certainly brings numerically computable and analytically exact results. It is at this point pertinent to mention that, for the same reasons and to circumvent the intractability and difficulty in the AC performance analysis, Hamdi developed in [7] an MGF-based approach for the exact AC analysis using the exponential form given by [8, Eq. (3. 434/2)]. Later, an alternative MGF-based approach for the exact capacity analysis was neatly developed by Di Renzo et al. in [9] by utilizing [8, Eq. (6.224/1)]. Note that the elegant MGF-based approaches developed in [7] , [9] are computationally efficient and easy to use if and only if the overall MGF M γ end (s) can be written in a simple closedform. As a follow-up, the authors presented in [10] a unified MGF-based approach for the AC performance analysis of diversity combiners. To the best authors' knowledge, these tools / frameworks mentioned above were developed separately and the computation of these two performance metrics was viewed as two independent problems. In contrast, the authors present in this paper an alternative approach to define a unified performance (UP) expression, and as a result of that, to bring 0090-6778/11$31.00 © 2012 IEEE both the ABEP and AC analyses together to one single UP analysis over generalized fading channels. In more details, the analytical derivation in this paper provides a novel unified performance expression about how to treat the ABEP and AC of wireless communications systems simultaneously.
In addition to unifying the performance analysis of all the ABEP and AC results, a novel single-integral relation of the exact average UP (AUP) is developed in terms of the MGF of the overall instantaneous SNR γ end . In particular, it is shown that the final result can be conveniently applied to the performance analysis of MRC diversity combiners operating in generalized fading environments. Further, the authors' result offers, as a by product, an MGF-based approach for the unified BEP expression given by Wojnar in [11] for binary modulation schemes, which was thought not to be possible [12] , [13] . In addition, the authors suggest in this paper a new hyper-fading model, which is called the hyper-Fox's H fading model, in order to propose a generalized closed-form / analytical result for the AUP performance analysis. As such, the PDF of any fading distribution can be exactly expressed or accurately approximated in terms of the hyper-Fox's H distribution as shown in Table II -V. It is worth mentioning that the other contribution attained with the representation of the channel fading distributions in terms of the hyperFox's H distribution is that there is no longer any need to perform the traditional case-by-case performance analysis over generalized fading channels. As an illustration of the mathematical formulism, some examples have been performed while some simulations have been carried out for different scenarios of fading environment. Numerical and simulation results were shown to be in perfect agreement.
The remainder of this paper is organized as follows. In Section II, a unified performance analysis of diversity receivers over additive white Gaussian noise (AWGN) channels is introduced and some key results are presented. In Section III, new results for a single link and multiple link reception are presented and applied to the newly proposed unifying hyper-Fox's H fading model. Finally, the main results are summarized and some conclusions are drawn in the last section.
II. CONDITIONAL UNIFIED PERFORMANCE EXPRESSION
A compact form for the conditional bit error probability (BEP) P BEP (γ end ) for a certain value of instantaneous SNR γ end for different binary modulations was proposed by Wojnar in [11, Eq. (13)] as
where a depends on the type of modulation ( 3)], respectively. In the following theorem, the authors introduce an alternative representation of (1) using the incomplete beta function. 
Finally, substituting an alternative representation of the lower incomplete gamma function γ (s, z) (2) , which proves Theorem 1.
In addition, there exists another important conditional performance metric commonly used in the literature, which is known as the conditional capacity (i.e., the Shannon capacity). Explicitly, the conditional capacity is a measure of how much error-free information can be transmitted and received through the channel [1] , [16] . The conditional normalized channel capacity P C (γ end ) in nats/s/Hz for a certain value of instantaneous SNR γ end at the output of the receiver is well-known to be given by
where log (·) is the natural logarithm (i.e., the logarithm to the base e = 2, 71828183 . . .) [14, Eq. (4.1.1)]. A new alternative Gauss hypergeometric representation of (4) is introduced in the following theorem.
Theorem 2 (Conditional Capacity Expression Using the Gauss Hypergeometric Function
). An alternative representation of the conditional capacity P C (γ end ) is given by 
one can show that setting m = n = 1 in (6) results in (5), which proves Theorem 2.
Note that these two hypergeometric representations of the conditional BEP and conditional capacity metrics, which are respectively given in Theorem 1 and Theorem 2, are explicitly useful to manifestly define a unified performance (UP) expression P UP (γ end ) whose special cases include the conditional BEP P BEP (γ end ) and conditional capacity P C (γ end ). 
where 
Moreover, substituting n = 1 into (7) results in the conditional BEP P BEP (γ end ) given by (2) , and substituting a = 1, b = 1 and n = 2 results in the conditional capacity P C (γ end ) given by (5) as expected.
Proof: Proof is obvious using both Theorem 1 and Theorem 2.
Note that an exact formula for the conditional UP P UP (γ end ) in a fixed channel realization perturbed by additive white Gaussian noise is eventually obtained in Corollary 1 as a function of both the received instantaneous SNR γ end and the choice of modulation / detection scheme as shown in Table I . In order to check analytical simplicity and accuracy, the next step is to average the conditional UP P UP (γ end ) over the probability density function (PDF) of the instantaneous SNR γ end for a specified fading environment. 
where G It should be noted at this point that it is impossible to obtain a closed-form PDFs for all common fading environments, especially for the multiple link reception / diversity systems. Therefore, the UP analysis resulting in closed-form results is not easy. This difficulty is explicitly attributed to the difficulty in obtaining exact and closed-form PDF of the instantaneous SNR γ end in a generalized fading environment. The MGFbased technique is within this fact suggested in the literature [2, and references therein] for analyzing the performance of a broad class of modulation formats in different fading environments. The main idea behind the MGF-based technique is to express the conditional UP P UP (γ end ) in a desirable exponential form so that the averaging can be readily performed, once knowledge of the MGF of the PDF is obtained. In order to obtain a desirable exponential form for the conditional UP P UP (γ end ) using both [15, Eq. (2.23)] and [8, Eq. (7.814/2)] (i.e., see Section III-B), the conditional UP P UP (γ end ) should be represented in terms of MacRobert's E function as shown in the following corollary.
Corollary 3 (Conditional Unified Performance Expression
Using the MacRobert's E Function). The unified performance metric P UP (γ end ) can also be written as These expressions obtained in this section are evidently and manifestly useful since they will facilitate in the following section the UP analysis of both ABEP and AC metrics in generalized fading environments.
III. UNIFIED PERFORMANCE EXPRESSION OVER GENERALIZED FADING CHANNELS
A unique feature of the novel performance expression presented in the previous section is that it facilitates a unified performance analysis in a variety of fading environments for all techniques of single link reception and multiple link reception (i.e., MRC diversity combining) in a single common framework, and these two ABEP and the AC performance metrics are consequently considered as a single problem while the both were considered as two different problems over the past four decades. More precisely, for a certain non-negative distribution of the instantaneous SNR γ end at the output of the receiver (i.e., γ end is distributed over (0, ∞) according to the PDF p γ end (γ) ), the average unified performance (AUP) expression is represented as (11) where E[·] denotes the expectation operator, and as proposed in Section II, P UP (γ) is simply the conditional UP expression. In the following subsection, exact and easy-to-evaluate analytical expressions are obtained for both single link and multiple link reception.
A. Single Link Reception
The authors consider an optimum receiver employing binary modulation and operating in a generalized fading environment corrupted by AWGN noise. In such a case, γ end = γ is the instantaneous SNR at the output of the receiver, and it is distributed over (0, ∞) according to the PDF p γ (γ). Referring to (11) , the AUP expression can be thus written as
Note that, based on the results presented in [18] - [21] , the PDF of the generalized fading distribution is a non-negative function (i.e., p γ (γ) ≥ 0 for γ ≥ 0) and a non-negative function can be expressed in terms of Meijer's G or Fox's H function.
1 ,2 More precisely, the PDF of some exponentialtype fading distributions (such as Rayleigh, exponential, Nakagami-m, Weibull, generalized Nakagami-m, lognormal, K-distribution, generalized-K, and extended generalized-K) 1 For more information about the Fox's H function, the readers are referred to [17] , [21] 2 Note that the Fox's H and Meijer's G functions are more advanced functions than the elementary functions commonly used in the literature such as trigonometric, logarithmic and exponential functions. Moreover, they have many more parameters, are defined in terms of the Mellin-Barnes integrals, and have a wide set of useful properties. As such, the Fox's H and Meijer's G functions are used as mathematical tools that can simplify the mathematical algebraic manipulations encountered in the performance analysis of wireless communications.
can be expressed in terms of either Meijer's G or Fox's H function [22] . On the other hand, the authors proposed in the following Definition 1 a hyper-fading distribution model, which is called hyper-Fox's H distribution, to express exactly or approximate accurately a very wide range of PDFs used to model channel fading. In other words, the hyper-Fox's H distribution provides a unified framework on modeling of fading distribution including non-exponential types. For example, as seen in the first column of Tables II, III , V and V, the PDFs commonly used in the literature for modeling of instantaneous SNR distribution γ end are listed in the form of hyper-Fox's fading distribution. Obviously as a consequence of that, (12) can be readily reduced, by exploiting [15, Eq. (2.24.1/1)], to the desired closed-form or analytical solution that enables to put under the same umbrella the ABEP and AC performance analysis of single link reception or multiple link reception over generalized fading channels. 
Definition 1 (Hyper-Fox's H Fading Distribution). Let γ be a hyper-Fox's H fading distribution representing the instantaneous SNR γ at the output of the single-link receiver, which follows a probability law given by
Note that, by means of substituting (13) (14) at the top of the next page. Note that (14) is a generalized closed-form result for the ABEP and AC expression of single link reception for a wide variety of channel fading distributions. Let us consider some special cases of the hyper-Fox's H fading model in order to check analytical simplicity, accuracy, and correctness of (14) for some important fading environments.
Example 1 (Unified Performance Expression in Generalized Nakagami-m (GNM) Fading Channels). In generalized Nakagami-m fading channels, the distribution of the instantaneous SNR γ follows a generalized gamma PDF given by
defined over 0 ≤ γ < ∞, where the parameters m , ξ and γ are the fading figure (0.5 ≤ m ), the shaping parameter (0 < ξ ) and the average power, respectively. Moreover, β = Γ (m + 1/ξ ) /Γ (m ). It is useful to mention that the special or limiting cases of the generalized Nakagami-m distribution are well-known in the literature as the Rayleigh
, and AWGN (m → ∞, ξ = 1).
In order to obtain the AUP expression, one can readily represent (15) 
where means that the coefficients are absent. Eventually, mapping the parameters of (14) into (16) with K = 1, one can readily obtain the AUP expression as
β aγ
for a single link reception over generalized Nakagami-m fading channels. In order to check the validity of (17), substituting n = 1 results in the ABEP of signal transmission over GNM fading channels, that is
After performing some algebraic manipulations either by means of using [17 
in perfect agreement with [23, Eq. (10) ]. Note that in the special case of Nakagami-m fading channels, substituting ξ = 1, it is straightforward to show that (18) 
agrees with the four results given in [2] for BFSK (a = 1/2 and b = 1/2), BPSK (a = 1 and b = 1/2), non-coherent BFSK (NC-BFSK) (a = 1/2 and b = 1) and differentially encoded BPSK (BDPSK) (a = 1 and b = 1). In addition to these expected ABEP special cases of (17), the AC of the generalized Nakagami-m fading channels can be also easily obtained by setting a = 1, b = 1 and n = 2 in (17), yielding In addition to the UP analysis in generalized Nakagami-m fading channels, let us consider the shadowing identified as a main cause not only for reducing energy but also causing performance loss and instability at the receiver. Specifically, shadowing is the effect that the received signal power (i.e., it is the mean of instantaneous SNR γ represented byγ = E[γ ]) fluctuates due to moving objects obstructing the propagation path between transmitter and receiver. Additionally, in the architecture of next-generation wireless communication systems, a spectrum well above 60 GHz frequency will be used, causing greater susceptibility to shadowing. In this context, the modeling of shadowing plays an important role in the context of designing systems and evaluating the corresponding performance. The most well-known shadowing distribution in the literature is the Lognormal distribution [2, and references therein].
Example 2 (Unified Performance Expression in Lognormal Fading Channels). As shown in the second row of Table IV , the PDF of lognormal distribution can be well approximated by an equation in the form of (14) , that is
where μ (dB) and σ (dB) are the mean and the standard deviation of γ , and where ω k is defined as ω k = 10
( √ 2σ u k +μ )/10 such that for k ∈ {1, 2, . . . , K}, {w k } and {u k } are the weight factors and the zeros (abscissas) of the K-order Hermite polynomial [14, Table 25 .10] and they have to support the two conditions of
Mapping the parameters and coefficients of (21) onto (13) , and then substituting these mapped parameters and coefficients into (14) and using [15, Eq.(8.3.2/21)], one can easily derive the UP expression for lognormal fading environment as
This expression is simply and obviously obtained without performing additional analytical derivations but by mapping the coefficients (21) and (13) and then substituting these coefficients of the hyper-Fox's H model into (14) . In order to check the validity and correctness of the authors' expression, one can readily show that substituting n = 1 into (22) 
which is perfectly in agreement with the results given by [25] . Additionally, substituting a = 1, b = 1 and n = 2 into (22) and using [15, Eq. (8.4.6/5)] yields
which agrees with [25] , as expected.
In addition to the shadowing, composite fading channels (include both shadowing and fading) plays an important role in designing and modeling wireless communication systems. To the best of the authors' knowledge, another general composite fading model is the extended generalized-K (EGK) fading [26] , [27] . In the following example, UP metric P AUP is analyzed over EGK fading channels.
Example 3 (Unified Performance Expression in Extended
Generalized-K (EGK) Fading Channels). The distribution of the instantaneous SNR in the EGK fading channel follows the PDF given by [26, Eq. (3) ], [27] , that is, (25) is given at the second row of Table V , that is
Mapping the parameters and coefficients of (26) to those of the hyper-Fox's H fading model given by (13) with K = 1, the average UP metric P AUP can be readily expressed as
. (27) Note that (27) reduces to the ABEP in EGK fading channels [27, Eq. (34) ] by setting n = 1 and using the same steps in the derivation of (19) . Moreover, for a = 1, b = 1 and n = 2, (27) simplifies into the AC in EGK fading channels [27, Eq. (42)], as expected. Consequently, the analytical derivation presented in this section demonstrates and establishes that there is no need to carry the classical mathematical derivations for the performance analysis of the single link reception since it is enough to represent the channel fading distribution in terms of the hyper-Fox's fading model. Furthermore, in order to check the analytical accuracy and correctness of this novel approach, some numerical and simulation results regarding the ABEP and AC performances of single link reception over generalized gamma fading channels are depicted in Fig. 1, Fig. 2 and Fig. 3 . These figures show that these numerical and simulation results are in perfect agreement. 
B. Multiple Link Reception
The authors consider an L-branch MRC diversity system employing binary modulation and operating in a slow non-selective mutual independent and not-necessarily identically distributed generalized fading environment corrupted by AWGN noise. The instantaneous SNR γ end at the output of the MRC receiver is considered as the sum of the instantaneous SNRs of the branches, that is,
where L denotes the number of branches, and where for ∈ {1, 2, 3, . . . , L}, γ is the instantaneous SNR the th branch is subjected to. The AUP expression P AUP of the L-branch MRC combiner can be obtained by averaging the (instantaneous) UP metric P UP (γ end ) given by Corollary 2 over the PDF of γ end = L =1 γ as shown in (11) . Due to several reasons (e.g., insufficient antenna spacing or coupling among RF layers), correlation may exist among diversity branches of the L-branch MRC. Then, the AUP can be written using (11) as an L-fold integral given by (29) (29) is tedious and cannot be partioned into the product of one dimensional integrals even if the instantaneous SNRs {γ } L =1 are assumed mutually independent. Additionally, it is clear that the numerical evaluation of (29) is complex and requires such a long time to compute the desired result as the number of branches L increases. Fortunately, after performing some algebraic manipulations, the AUP expression can be readily obtained in terms of a single integral expression using an MGF-based approach [2] as presented in the following theorem.
Theorem 3 (Unified Performance Expression for MRC Diversity Combiners over Correlated Fading Channels). The exact AUP of L-branch diversity combiner over correlated fading channels is given by
where the parameters a ∈ R + , b ∈ (0, 1], n ∈ {1, 2} are selected according to desired performance metric, and where 
which converges rapidly and steadily, requiring only few terms for an accurate result. In (31), the coefficients w n and s n are defined in [29, Eqs. (22) and (23)], respectively. Moreover, the truncation index N could be chosen more than N = 30 to obtain a high level of accuracy. Despite the fact that the novel technique represented by Theorem 3 is easy to use, and referring to both (30) and (31), let us consider its special cases in order to check some analytical simplicity and accuracy.
Special Case 1 (Average Bit Error Probabilities of L-Branch
MRC Diversity Combiner). For the L-branch MRC diversity combiner, the unified ABEP P ABEP of binary modulation schemes can be immediately derived as
by setting n = 1 in (30) as mentioned previously. As a result, it is worth mentioning that, to the best of the authors' knowledge, there is no MGF-based approach in the literature for the Wojnar representation of binary modulation schemes as indicated in [12] , [13] . Therefore, the new result given by (32) offers an MGF-based approach for the ABEP analysis for a variety of binary modulation schemes. In particular, (32) Special Case 2 (Average Capacity of MRC Diversity Combiner). The AC P AC of the L-branch diversity combiner can be readily written as 
which is a well-known result given in the elegant paper [9, Eq. (7)] by Di Renzo et al..
If the instantaneous SNRs γ 1 , γ 2 , . . . , γ L are uncorrelated, the AUP expression is given in the following corollary.
Corollary 4 (Unified Performance Expression for MRC Diversity Combiners over Mutually Independent Fading Channels). The exact AUP expression of L-branch MRC over mutually independent fading channels is given by
where, for ∈ {1, 2, . .
. , L}, M γ (s) ≡ E[exp (−sγ )] is the MGF of the instantaneous SNR γ that the th branch is subjected to.
Proof: When there is no correlation between the instantaneous SNRs γ 1 , γ 2 , . . . , γ L , one can readily write
whose derivation with respect to s is given by
Finally, substituting (36) into (30) results in (35) , which proves Corollary 4.
It is important to note that, the PDF of several non-negative distributions can be compactly expressed or accurately approximated, as mentioned previously, in the form of (13) 
with the convergence region {s} ≥ 0. 
Finally, substituting both (37) and (38) into (35) , the AUP expression of the L-branch diversity combiner operating over a hyper-Fox's H fading channel can be readily obtained in the form of Corollary 4 as shown in (39) at the top of this page. Let us consider some special cases of the hyper-Fox's H fading model (i.e., the special cases of (39)). Note that the MGFs of some commonly used fading distributions (such as onesided Gaussian, exponential, Gamma, Weibull, generalized-K, extended generalized Gamma, etc.) and their derivatives are given in details in Tables II, III , IV and V. Using for example the MGF of the generalized Gamma distribution and its derivative given in the first row in Table V , and then substituting them into (39), the AUP expression of the Lbranch combiner over GNM fading channels is given by
where
Note that in the special case of single link, i.e., L = 1, (40) not surprisingly simplifies into 
whereγ is the average power (i.e.,γ ≥ 0). 
,
Note that the Nakagami-m distribution spans via the m parameter the widest range of amount of fading (AoF) among all the multipath distributions [2] . As such, Nakagami-q (Hoyt) and Nakagami-n (Rice) can also be closely approximated by Nakagami-m distribution [ 
where ω = Γ(1 + 1/ξ ) and where ξ (0 < ξ ) denotes the fading shaping factor. Moreover,γ is the average power. 
, where m k is the fading figure (0.5
, and ξ k is the accruing factor of the kth fading environment (0
is the Gamma function [14, Eq. (6.1.1)]. In addition, It may be useful to notice that the sum of the accruing probabilities
. . . , K} of K possible fading environments is unit such that
Power of Nakagami-q (Hoyt)
, where q is the Nakagami-q fading parameter (0
andγ is the average power (0 <γ ). In addition,
is the zeroth order modified Bessel function of the first kind [14, Eq. (9.6.20) ].
, respectively. In addition, the weighting coefficients
for all k ∈ N. It may be useful to notice that the series expression of the MGF for the Nakagami-q (Hoyt) and its derivative are converging very fast such that 10 summation terms is generally enough.
Power of Nakagami-n (Rice)
, where n andγ are the line-of-sight (LOS) figure (0 < n ) and average power (0 <γ ), respectively.
where m k and Ω k are defined as
and
respectively. In addition, the weighting coefficients Ψ k are given by
It may be useful to notice that the line-of-sight (LOS) figure i.e.
n is related to the Rician
which corresponds to the ratio of the power of the LOS (specular) component to the average power of the scattered component. Generalized Gamma [38] pγ is a set of coefficients such that it is defined as Ξ 
Extended Generalized Gamma
[27]
,0 is a set of coefficients such that it is defined as
Fox's H distribution [30, Eq. (3.1)], [22] 
where K ∈ R and G ∈ R are such two numbers that 
For identically distributed Nakagami-m fading channels (i.e., m 1 
m aγ
which is the special case of (17) with ξ = 1, m = m,γ =γ and L = 1, as expected. In addition, for n = 1, following the same steps in the derivation of (19) from (18) , the unified expression given by (41) readily reduces to the ABEP of an L-branch MRC diversity system over identical Nakagami-m fading channels given by
which is, to the best of the authors' knowledge, a new result not reported previously in the literature. For a = 1, b = 1 and n = 2, (42) simplifies to the well-known result [10, Eq. (33) ], that is,
As an illustration of the mathematical formalism presented above, some numerical and simulation results regarding the ABEP and AC performance of multiple link reception over fading channels are depicted in Fig. 4, Fig. 5 and Fig. 6 . These figures show again that the analytical and simulation results are in perfect agreement.
IV. CONCLUSION
In this paper, the authors presented a unified performance expression combining the ABEP and AC of wireless communication systems over generalized fading channels. More precisely, this paper introduces an MGF-based unified expression for the ABEP and AC of single and multiple link communication with an L-branch MRC combining. In addition, the hyper-Fox's H fading model is proposed as a unifying fading distribution for the majority of the well-known generalized fading models in order to provide general and generic results which can be readily simplified to some published results for some well-known fading distributions. More specifically, the authors explicitly offered a generic unified performance expression that can be easily calculated and that is applicable to a wide variety of fading scenarios. Finally, as an illustration of the mathematical formalism, some simulations have been carried out for different scenarios of fading environment, and numerical and simulation results were shown to be in perfect agreement.
APPENDIX A UNIFIED PERFORMANCE EXPRESSION FOR MRC DIVERSITY COMBINERS OVER CORRELATED FADING CHANNELS
The authors utilize the MacRobert's E function representation of the UP expression (i.e., see Corollary 3) instead of the other representations. More specifically, using the wellknown the integral formula of the MacRobert's E function [8,
; b + 1; 1 u du dp (5) 
